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This research continues to build on the previous work in “AlQalam” project for font testing

and development.

In order to get a usable font package, we started by building a font package using Metafont
and resolved the major bugs that we faced while using it to write Arabic documents.

Then, we developed a generic context analysis algorithm for rich fonts using C language and
ported it to Lua language to be used with “AlQalam” font.

The ported code has been embedded with the font using the new features offered by LuaTeX
to enable users to generate texts using “AlQalam” font quickly and easily.
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Abstract

This research continues to build on the previous work in AlQalam project for font test-
ing and development. In order to get a usable font package, we started by building a font
package using Metafont. This included debugging and fixing issues with Metafont files
of the developed letters.

Then, we moved the package to TEX in order to start using it. As an initial phase, we
were calling the letter forms manually and this helped us to discover more issues with
the font that needs fixing and enhancing like problems joining the letters correctly and
problems of missing letter forms. A new phase of font debugging started to fix these
issues.

After correcting and fixing the problems, we developed a generic third-party program
using C language to handle the context analysis part of any rich Arabic font including
AlQalam.

We tested the algorithm with AlQalam font and wanted to embed it somehow with
AlQalam to facilitate using the font without the hassle of running a third party program
and making lots of steps to get a document written with AlQalam.

Accordingly, we investigated the new features introduced in LuaTgX and found that
it provides the required capabilities to load Lua functions and use them to override the
default operations of the TgX engine through callbacks.

Hence, we ported our generic context analysis C code to Lua language and loaded it
inside LuaTgX and overrode the normal input buffer TEX operations to manipulate the
buffer contents and do our custom context analysis work and get sentences written in
AlQalam font with the correct letter forms according to the context using a normal LuaTEX
editor to input Arabic text.
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Chapter 1

Introduction

The Arabic alphabet is used to write many languages in many places around the world.
Also, Arabic is of great importance to Muslims (about a quarter of the world's popula-
tion), as it is the liturgical language of Islam. The most distinctive features of the Arabic
alphabet are that it includes 28 letters and is written horizontally from right to left in cur-
sive style, i.e., many or all letters in a word are connected. Figure 1.1 shows the Arabic
alphabets in their morphological order

& O oW
cCct
}JSJ
Ll
Lﬁd&&
“’(‘
ngﬁ

Figure 1.1: Arabic alphabets

Arabic spelling is not fully alphabetic: only short consonants and long vowels are writ-
ten with the primary character set. For elaborate spelling or casual disambiguation, a set
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of secondary characters exists. They are written above or below a primary character, e.g.
The hamza diacritic and its various supporting letters:

PRCRCERE

FATHA to mark the vowel /a/:

DHAMMA to mark the vowel /u/:

A
KASRA to mark the vowel /i/:
FATHATAN to mark the vowel /a/ +n:
DHAMMATAN to mark the vowel /u/ +n:

KASRATAN to mark the vowel /i/+n:

Wit

Arabic is used to write: Arabic, Arabic (Algerian), Arabic (Egyptian), Arabic (Lebanese),
Arabic (Modern Standard), Arabic (Moroccan), Arabic (Syrian), Aynu, Azeri, Baluchi,
Beja, Bosnian, Brahui, Crimean Tatar, Dari, Gilaki, Hausa, Kabyle, Karakalpak, Konkani,
Kashmiri, Kazakh, Khowar, Kurdish, Kyrgyz, Malay, Marwari, Mandekan, Mazandarani,
Morisco, Pashto, Persian/Farsi, Punjabi, Rajasthani, Salar, Saraiki, Shabaki, Sindhi, So-
mali, Tatar, Taustig, Turkish, Urdu, Uyghur, Uzbek and a number of other languages.

Arabic is a Semitic language with more than 422 million speakers in Afghanistan, Al-
geria, Bahrain, Chad, Cyprus, Djibouti, Egypt, Eritrea, Iran, Iraq, Jordan, Kenya, Kuwait,
Lebanon, Libya, Mali, Mauritania, Morocco, Niger, Oman, Palestinian West Bank and
Gaza, Qatar, Saudi Arabia, Somalia, Sudan, Syria, Tajikistan, Tanzania, Tunisia, Turkey,
UAE, Uzbekistan and Yemen and used by more than 1.5 billion Muslims around the world
according to UNESCO 2014 statistics.



The long vowels /a:/, /i:/ and /u:/ are represented by the letters 'alif, ya' and waw respec-
tively. Vowel diacritics, which are used to mark short vowels and other special symbols
appear only in the Qur'an. They are also used, though with less consistency, in other reli-
gious texts, in classical poetry, in books for children and foreign learners, and occasion-
ally in complex texts to avoid ambiguity. Sometimes the diacritics are used for decorative
purposes in book titles, letterheads, nameplates, etc.

Arabic has six major writing styles: Kufi, Thuluth, Naskh, Riq'aa, Deewani, and Ta'liq.
Naskh style is the most commonly used for printing, both of traditional texts such as the
Muslim Holy Book (the Qur'an) as well as contemporary publications. Figures 1.2 and
1.3 show the major Arabic writing styles

N ZVINVY

sz

ﬁJ@%’ﬁUJﬁMM

Thuluth

RUAISA AN A

Maskh

Figure 1.2: Major Arabic writing styles



Ornamented Kufi

Thuluth

AN
ANV LH
ol L3

Figure 1.3: Major Arabic writing styles

Rugaa &

Some trials were made to generate documents using Nastaleeq style which is the de-
fault writing style for Urdu [1]. In our study we'll focus on generating documents using

Naskh style which is more commonly used as mentioned before.

1.1 Challenges in producing high-quality Arabic fonts

The main challenge of producing high-quality Arabic fonts is that Arabic calligraphy is
an art. The rules to follow when composing Arabic texts have great flexibility in choosing
different variations of letter forms and constructing complex ligatures. These variations
and ligatures add an aesthetic touch to the script and also justify the text as needed. Every
Arabic letter may have four basic forms depending on its location in the word: initial,

medial, final, and isolated.
Figure 1.4 shows the different forms of the "Baa" letter as an example.

4



-, — A S

S + $ #

Figure 1.4: From right to left: initial, medial, final, and isolated forms of "Baa"

Every letter form may have different variations to be used depending on the preceding
or succeeding letter. Figure 1.5 (taken from [2]) for example shows the different variants
of the forms of "Baa". The first shape on the right is the isolated 'Baa" form variant.
The second, third and sixth shapes are initial form variants of "Baa" when rising letters
like "Alef" precede it, letters like "Jeem" precedes it and letters like "Seen" precede it,
respectively. The fourth and fifth shapes are medial form variants of "Baa" when letters
like "Haa" and letters like "Raa" precede it respectively. The seventh shape is the general
medial form variant of "Baa" and the last shape on the left is a final form variant of "Baa".

C10
oo_g_o" ° oo o0 eroo_g_ W b oooo%
°© -
L Tt ;" e
) I o) (-) 2w \\“,_‘_.) (& LO,...) );\J()_;\_V.L (‘,)f,,.,\,)

Figure 1.5: Letter "Baa" form variations

Figure 1.6 shows a part of Mushaf Al-Madinah (The Holy Qur'an - Madinah print) [3]
as a rich example of the usage of different combinations of variations with different elon-
gations. This printing, like most printings of the Qur'an, was hand-written by a callig-
rapher and is not typeset. Computer typesetting (and to a large extent also traditional
mechanical typesetting) are well behind what a calligrapher can produce for such com-
plex texts. The underlined shapes represent the same Arabic letter, which is "Kaf". Notice
the different forms used depending on the location of the letter in the word and notice that
some forms have different variations depending on the elongation requirements for line
breaking, text justification and preceding or succeeding letters.



Figure 1.6: An example from surat Hud: forms of "Kaf"

1.2 The AlQalam font and its features

Several trials were performed to produce high-quality Arabic fonts. One of them was the
AlQalam ("The Pen" in Arabic) project that was started in 2006 under the supervisor's
supervision [4]. AlQalam's target was to simulate an Arab calligrapher's pen for Naskh
style (as used to typeset the Qur'an printing, for example). AlQalam then might be used in
typesetting any traditional texts as well as any generic publications (including scientific
ones) in the languages using the Arabic script.

At first, AlQalam grew out of modifications to ArabTgX [5]. Modifications were

mainly intended to respond to the specific needs of typesetting the Qur'an such as adding
pause signs, some additional diacritics (marks used as phonetic guides) and the abilities
to stack them on top of each other, scale them and correctly position them on the word.
Also, some modifications to the pen used were made to improve the shape of some letters
and symbols.

In 2008, a new font project for AlQalam was started [6]. That font is meta-designed

such that each character is described by a number of parameters to allow the creation of
many variants that connect with the surrounding characters correctly. Those variants may
be different in shape and in their amount of elongation. Starting from this period many
modifications were made and new features added.

Here is a brief points for AlQalam's font features up till now:

« All font shapes are meta-designed using Metafont to enable greater flexibility while
joining glyphs together and provide smoother letter extensions.

* It contains the generic four different forms of Arabic letters (initial, medial, final,
and isolated).

* It also contains different parameterized shapes for letter forms (the main source of
the form variants is Mushaf Al-Madina).

6



« It is based on the concept of primitives (reusable glyphs). For example, Figure
1.7 shows the Waw head primitive (the small circle). This Waw head is reused in
combination with the body (skeleton) of letter "Baa" to produce the letter "Faa".
Also, the "Waw" head can be reused in combination with the body of the letter
"Noon" to produce the letter "Qaf".

* The font supports vertical placement of glyphs: Various ligatures have been added
to the font to support complex vertical placement combinations as shown in Figure
1.8.

» Kerning: Borders of letter boxes have been adjusted to support kerning as shown
in Figure 1.9.

 Joining glyphs with kashidas: the kashida is the most widely used glyph to join
letters. AlQalam implements the kashida as a dynamic smooth glyph, as shown
in Figure 1.10. This is preferable to the current standard fonts that implement the
kashida as a static fixed length glyph, as shown in Figure 1.11.

» Parameterized diacritics: A complete set of parameterized diacritics that can be
elongated according to the width of the associated letter is available, as shown in
Figure 1.12.

» Mathematical symbols: AlQalam is one of three fonts that have a complete set of
Arabic math symbols at the time of writing. (The other two fonts are RyDArab [7]
and Mathfont [8].) Examples for Arabic equations generated using AlQalam are
shown in Figure 1.13.

4

I
B ¢ '

8 » oY o
D=9 S L

Figure 1.7: The "Waw" head primitive

.a\.sf'—p._lé-

Figure 1.8: Vertical placement of glyphs
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T T

Figure 1.10: Joining glyphs with smooth, dynamic kashidas

do.. Ao oo
T

Figure 1.11: Static fixed length kashidas

Figure 1.12: Parameterized diacritics
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Figure 1.13: Set of Arabic mathematical equations typeset with AlQalam



1.3 Goal of Thesis

After getting through the information about Arabic language, writing and typesetting in
addition to getting an idea about AlQalam project state and current features, we came to
state our goal from this thesis. Having a very rich font features like those presented in
AlQalam requires special support that will enable the user to make use of all the features.

A latin font can be integrated easily to an editor like Microsoft Word and TeX as the
regular latin fonts use the same context analysis and line breaking algorithms which are,
when compared to Arabic, may seem less difficult as most of the Latin fonts are not
cursive and are written in a separate letters fashion. This makes it rarely needed to have
a context analysis algorithm for Latin fonts. Also, the line breaking algorithm needed
to justify Latin depends mainly on spaces stretching which makes it easier than in the
complicated case of Arabic which depends on spaces, elongation of letters, ligatures and
changing letter forms. [9]

So the goal of this thesis is to provide AlQalam font and any other Arabic font with
needed automation algorithms to make it usable and fully functional on the user side. This
work was done on several phases and there is still some work that needs to be done.

1.4 Motivation

Arabic is the language of the Holy Qur’an and main language of Islam. We saw the need
of serving it to enrich the Arabic resources in the digital era as the state of the digital
typesetting for Arabic is somewhat poor as the widely available Arabic fonts serves the
very basic needs of the Arabic language and also doesn't fully represent its beauty and
rich features.

1.5 Publications

Sherif Mansour and Hossam A. H. Fahmy, "Experiences with Arabic font development",
TUGboat, vol. 33, no. 3, pp. 295--298, 2012.
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Chapter 2

State of the Art

There are a lot of ways to typeset Arabic using digital typesetting methods. Here we'll
discuss the most common methods and their features.

2.1 ArabTgX

ArabTgX which is developed by Klaus Lagally was one of the first trials to typeset Arabic
inside TEX/ETEXenvironments. ArabTgX is a package extending the capabilities of TEX /
ETEX to generate the Arabic writing. It can take romanized ASCII to produce quality lig-
atures for Arabic. ArabTgXcharacters are placed within a TEX /EXTEX document using the
command \RL{ .. } orthe environment \begin{RLtext} ... \end{RLtext}. It consists
of a TeX macro package and an Arabic font in several sizes, presently only available in
the Naskhi style. ArabTgX will run with Plain TgX and also with ETEX ; other additions to
TgX have not been tried. ArabTgX is primarily intended for generating the Arabic writing,
but the scientific transcription can be also easily generated. For other languages using the
Arabic script limited support is available.
Examples: \RL{al-salAm “alaykum} produces what is shown in Figure 2.1

Sl et

Figure 2.1: AlSalam Alikom using ArabTEX

and using the following piece of code:

\documentclass[12pt]{article}
\usepackage {arabtex }

\begin {document}

\setarab

\fullvocalize

\transtrue

\arabtrue

\begin {RLtext}

11




bismi al—11 ahi al—rra.hm ani al—rra.hImi
\end { RLtext}
\end {document}

yields "Basmalah" which is shown in Figure 2.2

Figure 2.2: Basmalah using ArabTgX

We think that the use of the ASCII transliteration is quite difficult and it is still not
very flexible and doesn’t show the art and beauty of Arabic calligraphy. In case user don't
want to deal with utf-8 encoding in his document, then ArabTeX package may be a good
choice.

2.2 RyDArab

The package RyDArab extends TgX to handle mathematics in an Arabic presentation.
That means expressions with specific symbols flowing from right to left, according to the
Arabic writing, as they can be found in Arabic mathematical handbooks. The system con-
sists of a set of TEX macro packages, some additional extensions and a family of symbol
fonts. It will run under the Plain TgX or KTEX formats. Still depending on a modified
version of ArabTgX , RyDArab adapts the concept of transliteration of Latin ASCII char-
acters to generate Arabic words and math commands to generate Arabic mathematical
expressions. [10]
Example:

\funwithdots=
$\sin ¢ + \tan s$

produces what is shown in Figure 2.3
o Lt? ‘|‘ o lﬁ"

Figure 2.3: An equation using RyDArab

and

${\newfunc {SGr}}(c) = \cos(c{{}\sp 2}) — 6%
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Figure 2.4: Another equation using RyDArab

produces what is shown in Figure 2.4

As the reader notes that this package focuses only on mathematical symbols and ex-
pressions and also is using the transliteration concept which makes it some how difficult
to input and use.
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2.3 XeBTIgX /XeTgX

Using XeIATEX or XeTEX engines to compile Arabic documents, rather than other engines,
was probably the best option because it allows you to use any Arabic system fonts you
have and input your text using utf-8 encoded Arabic letters. [11]

There are a number of packages that will work with XeIfTEX to get Arabic into tex
documents. One of them is the Polyglossia package which also supports mixing Arabic
and Latin inline.

Here is an example code for using XelXTEX with Polyglossia shown in figure 2.5:

\documentclass{book}
\usepackage {setspace}

\usepackage {fontspec}
\usepackage{polyglossia}

\setmainlanguage{english}
\setotherlanguage{arabic}

\newfont family\arabicfont [Script=Arabic, Scale=1.1]{Traditional Arabic}
\begin{document}
Some latin text and inline arabic: \textarabic{asolc pall}

And for larger blocks of text you can use Arabic environment:

\begin{Arabic}

gy I Biagdl dye> 18Lal axs 451 guogiddl gaxg gy - LogiSs Ly 28 e faagmll il
Dlbeadl Al Gamandl o Ayl o885 29 G padl o dus aowend sl - ey LaJ A Lglsis
e dladl olbaddl G oSS S e doprdl s - Leddel ] dxdall ;JJV‘ 000«

\end{Arabic}

\end{document}

Figure 2.5: Arabic input using XeI5TgX and Polyglossia

and here is the output shown in figure 2.6:

Some latin text and inline arabic: (Kle Sl
And for larger blocks of text you can use Arabic environment:
348 poad el Dy ) bl B 8|t ol Capplll Jam 5y S B 28 e gl gl
omn = Al lallh e S0 S Loy B pally Ao L AL Lglte — LI ) el e 2l L8529 oy
Aplid ) Amiealh Lo

Figure 2.6: Arabic using Xel&TgX and Polyglossia
The previous method can be used with any Arabic font installed on the system.
There is an option for users who want to use the XeI&TEX engine and input non-utf8

text which is the ArabXeTgX package.
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ArabXeTgX package provides a convenient ArabTgX -like user-interface for typeset-
ting languages using the Arabic script in XeLaTeX, with flexible access to font features.
Input in ArabTgX notation can be set in three different vocalization modes or in roman
transliteration. Direct UTF-8 input is also supported. So the main job of this package is to
parse and convert ArabTgX input to Unicode and then pass the output to XeI4TEX engine.

2.4 Babel and Arabi

The standard distribution of ISTEX contains a number of document classes that are meant
to be used, but also serve as examples for other users to create their own document classes.
These document classes have become very popular among ETEX users. But it should be
kept in mind that they were designed for American tastes and typography. At one time
they contained a number of hard-wired texts. Here comes the role of babel, a package that
makes use of the new capabilities of TEX version 3 to provide an environment in which
documents can be typeset in a non-American language or in more than one language. [12]

The Arabi package Arabic script support for TgX without the need for an external
pre-processor and adds one of the major multilingual typesetting capabilities to Babel by
adding support for the Arabic and Farsi languages.

Arabi comes with many good quality free fonts, Arabic and Farsi, and may also use
commercial fonts. It supports many 8-bit input encodings (namely, CP-1256, ISO-8859-6
and Unicode UTF-8) and can typeset classical Arabic poetry. [13]

The Arabi package provides an Arabic and Farsi script support for TeX without the
need of any external pre-processor, and in a way that is compatible with babel. The bi-
directional capability supposes that the user has a TgX engine that knows the four primi-
tives \beginR, \endR, \beginL and \endL. That is the case in both the TgX --XeT and
e-TeX engines. Arabi will accept input in several 8-bit en-cod-ings, including UTF-8.
Arabi can make use of a wide variety of Arabic and Farsi fonts, and provides one of its
own. PDF files generated using Arabi may be searched, and text may be copied from
them and pasted elsewhere.

Here is an example for Arabi input file in figure 2.7

and its output at figure 2.8.
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\documantclass{article}
\usepackage [ cp1256 ]{inputenc}
\usepackage[ arabic ,english]{babel}
\begin{document}
\selectlanguage{arabic}

- el ooyl all euwy

N\
SIES TRV NIV

ea 13 phall yo soull liadey a3} Lo 8yl lindey all Jouy gl J& plo e gl puzun o
wo dlllg diysd) dyadiulg aakey dyusdnl Sl aadll Jad @ anyall jue o gaisd) glule yodl efax
woung oIl e gl eled @il o) el vl ele aly plel Yo plaig yadl Yo yid dils puaball dlbes
My Vi ) eled add gl ase ) )b @ ) oymg ) oyssle gyl dusleg ilang iy 6 J u3 izl
Jn 99 o) o)l @) Wl cus yusd J)x8lg aie isyoly Lie syl gyol awleg ilang Ly 9 )
! Bolew oo all glsiunl ol ol salew o JIB @il po ) we elog L) W rew dys> o ezl elod
Jo 389 all nd loy absew o) @l 9al oo all aylaiwl of i ©i! W dedd wog all as Ly obey e
Seadg ailsew
[\textmash{
all e Jois anje 3ls 3ol L3 eeyglig
]
g3 )0l byl N lgas M all axg yosin wgo yolds o oslis Jgjg

\L{This is a simple example of Arabic text you may want to type}
wandled) oy all snsdlo @i

\end{document }

Figure 2.7: Sample Arabi input

P W [ C AN (L (e
By o3 yde pualud) Juasl)

3y acll Lialas Less ;a1 3 3,500 Leday all Jguy ol J1B Rl He G mis (B
Dl ) et JEad @5 Auay Al il e (uiass ) a5 ple e YL S ma 13) O 3N (e
alol ¥y alaiy judl ¥y yu85 Sild qulaall Sslind o Sotluiy S50 j08s & judluiy Sl
L@lcjualu3u;:a_susujJ.._‘_;ﬂq.bwuegﬁ?11ugiphjaﬁg}p@1g@1pm;3i3
?&lm3g.l:m‘r_,ﬁgl_)ﬁJ.nih'11LLm;}i1qM;u.1&|Q13d.fﬁgld_}l__npjglaﬂ3gloJﬁlﬁ’-;éﬂi
Nis By o syl @ Ol Cus STl T ja8lg A LAB sl Lie 43_)..41_"'.-!;_).& 4Ldle
oo 9 Al Blaaiial anl ool Balaw e JUB a1 o i e ol8 g i o daw Goas (be desd alael
Aadei a3l ol Bl (ye g dll B yliviul aSm )3 Al (ol B RS (pe gy dl Luad Les ol asl (ol Balaw
Balid JIB g dall o 155 905 e je 13 e ¥ L3 e ol g Il g dilona JIB 08 g alll ud Lao
This is a simple example of Arabic text sa yei ad yi 311 gan ¥) 4l 4 g Ogdiin ped ) gldd Le

Ot lall oy b sedl g @3 you may want to type

Figure 2.8: Sample Arabi output
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2.5 Amiri Font

Amiri is a classical Arabic typeface in Naskh style for typesetting books and other running
text. [14]

Amiri according to its developer description is a revival of the beautiful typeface pi-
oneered in early 20th century by Bulaq Press in Cairo, also known as Amiria Press, after
which the font is named.

The uniqueness of this typeface comes from its superb balance between the beauty of
Naskh calligraphy on one hand, the constraints and requirements of elegant typography
on the other. Also, it is one of the few metal typefaces that were used in typesetting the
Koran, making it a good source for a digital typeface to be used in typesetting Koranic
verses.

Amiri project aims at the revival of the aesthetics and traditions of Arabic typesetting,
and adapting it to the era of digital typesetting, in a publicly available form.

Amiri is a free, open source project that everyone can use and modify.

Figures 2.9 and 2.10 show the examples of Amiri font.

oo ey £ w2 -

Ll Jﬂ*,.a & ﬁ_‘m Jp,an Lm.a.fw A0y 4w 40

~ -~ -~

(._-El.

e T e I osss = L - =
-

Figure 2.9: Surat Al-Fatiha set in Amiri

These examples can be reproduced by downloading the Amiri font package and using
the TrueType font files (*.ttf) with Microsoft Word or other editors that supports TrueType.
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Figure 2.10: Sample of Amiri fonts

2.6 Microsoft Word

Microsoft Office supports right-to-left functionality and features for languages that work
in a right-to-left or a combined right-to-left, left-to-right environment for entering, edit-
ing, and displaying text. In this context, "right-to-left languages" refers to any writing
system that is written from right to left and includes languages that require contextual
shaping, such as Arabic, and languages that do not. You can change your display to read
right-to-left or change individual files so their contents read from right to left.

If your computer doesn't have a right-to-left language version of Office installed, you
will need to install the appropriate language pack. You must also be running a Microsoft
Windows operating system that has right-to-left support and enable the keyboard language
for the right-to-left language that you wants to use.

In word-processing programs — such as Word — you can select, find, and replace
individual diacritics and individual Arabic characters regardless of whether they are lig-
ated. Each ligature and diacritic is managed as a discrete unit of a right-to-left language
word.

Figure 2.11 shows selecting an Arabic word that has a three-character ligature (as each
character is selected).

When it comes to Mathematical expressions, despite MS Office's ease of use (as it is
based on WYSIWYG concept) unlike the previous techniques, The Equation Editor cheat
sheet provides an impressive list of symbols, but it doesn't come close to the amount of
symbols available in KTgX . The Comprehensive IS[EX Symbol List has 100 pages of
symbols.

For fonts, it offers a set of Arabic fonts that are somewhat not flexible to represent the
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: 3 8

Figure 2.11: Selecting an Arabic word that has a three-character ligature in MS Word

beauty and versatility of Arabic writings. But it supports adding custom OpenType and
TrueType fonts.

Here is a sample of fonts supplied with Windows 8 and targeting Arabic script:
Aldhabi: Shown in figure 2.12

Andalus: Shown in figure 2.13

Arabic Typesetting: Shown in figure 2.14

Microsoft Uighur: Shown in figure 2.15

Sakkal Majalla: Shown in figure 2.16

Simplified Arabic: Shown in figure 2.17

Traditional Arabic: Shown in figure 2.18

Urdu Typesetting: Shown in figure 2.19

P aBW vy

Figure 2.12: Aldahabi font

syl ghgia luay dglaally
LRI jGay adle sl sylon @ ayludl oiall £ gl

Figure 2.13: Andalus font
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LW S Ol Ml 3l 350 5.0

Figure 2.14: Arabic Typesetting font

il gladia lag Bleally
¥ 5 BN edlis 3 pudad! 533l g4

Figure 2.15: Microsoft Uighur font

Sl L1355 lal

Figure 2.16: Sakkal Majalla font

SORY) G il cDlia b adud) 55l g el

Figure 2.17: Simplified Arabic font
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s\ LY G LI e (3 bl B0l puadd

Figure 2.18: Traditional Arabic font

B 5 1 5169,

Figure 2.19: Urdu Typesetting font
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2.7 Hand Written Printings

For a long time, most famous Arabic educational mathematics books were written by
hand. There weren't any tool that had the ability to provide the required large set of math-
ematical symbols and help typesetting the expressions used in the mathematical problems
and their answers for the different academic years. So, the editors of these books had to
manually typeset them.

Examples: Almo'aser in mathematics is the most famous book for mathematical prob-
lems and their solutions for secondary education. Here are some examples from a 1999
printing of the book. [15] in figures 2.20 and 2.21:
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Figure 2.20: Example 1 from AlMo'aser Book for secondary education
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Figure 2.21: Example 2 from AlMo'aser Book for secondary education
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Chapter 3

Font Development Overview

Here we will talk generally about required font development tools and the used algo-
rithms for building a complex and rich font like AlQalam:

3.1 TgX

TEX (= tau epsilon chi) is a computer language designed for use in typesetting; in partic-
ular, for typesetting math and other technical (from Greek "techne" = art/craft, the stem
of “technology') material.

In the late 1970s, Donald Knuth was revising the second volume of his multivolume
magnum opus The Art of Computer Programming, got the galleys, looked at them, and
said (approximately) "blecch"! He had just received his first samples from the new type-
setting system of the publisher's, and its quality was so far below that of the first edition
of Volume 2 that he couldn't stand it. Around the same time, he saw a new book (Arti-
ficial Intelligence, by Patrick Winston) that had been produced digitally, and ultimately
realized that typesetting meant arranging 0's and 1's (ink and no ink) in the proper pat-
tern, and said (approximately), "As a computer scientist, I really identify with patterns
of 0's and 1's; I ought to be able to do something about this", so he set out to learn what
were the traditional rules for typesetting math, what constituted good typography, and (be-
cause the fonts of symbols that he needed really didn't exist) as much as he could about
type design. He figured this would take about 6 months. (Ultimately, it took nearly 10
years, but along the way he had lots of help from some people who are well known to
many readers here—Hermann Zapf, Chuck Bigelow, Kris Holmes, Matthew Carter and
Richard Southall are acknowledged in the introduction to Volume E, Computer Modern
Typefaces, of the Addison-Wesley Computers and Typesetting book series.)

A year or so after he started, Knuth was invited by the American Mathematical Soci-
ety (AMS) to present one of the principal invited lectures at their annual meeting. This
honor is awarded to significant academic researchers who (mostly) were trained as math-
ematicians, but who have done most of their work in not strictly mathematical areas (there
are a number of physicists, astronomers, etc., in the annals of this lecture series as well
as computer scientists); the lecturer can speak on any topic s’/he wishes, and Knuth de-
cided to speak on computer science in the service of mathematics. The topic he presented
was his new work on TgX (for typesetting) and Metafont (for developing fonts for use
with TEX ). He presented not only the roots of the typographical concepts, but also the
mathematical notions (e.g., the use of Bezier splines to shape glyphs) on which these two
programs are based. The programs sounded like they were just about ready to use, and
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quite a few mathematicians, including the chair of the Math Society's board of trustees,
decided to take a closer look. As it turned out, TEX was still a lot closer to a research
project than to an industrial strength product, but there were certain attractive features:

it was intended to be used directly by authors (and their secretaries) who are the ones
who really know what they are writing about; it came from an academic source, and
was intended to be available for no monetary fee (nobody said anything about how much
support it was going to need); as things developed, it became available on just about any
computer and operating system, and was designed specifically so that input files (files
containing markup instructions; this is not a WYSIWYG system) would be portable, and
would generate the same output on any system on which they were processed—same
hyphenations, same line breaks, same page breaks, same everything. other programs
available at the time for mathematical composition were: proprietary; very expensive
often limited to specific hardware, if WYSIWYG, the same expression in two places
in the same document might very well not look the same, never mind look the same if
processed on two different systems. Mathematicians are traditionally, shall we say, frugal;
their budgets have not been large (before computer algebra systems, pencils, paper, chalk
and blackboards were the most important research tools). TgX came along just before the
beginnings of the personal computer; although it was developed on one of the last of the
"academic" mainframes (the DECsystem ("Edusystem")-10 and -20), it was very quickly
ported to some early HP workstations and, as they emerged, the new personal systems.
From the start, it has been popular among mathematicians, physicists, astrophysicists,
astronomers, any research scientists who were plagued by lack of the necessary symbols
on typewriters and who wanted a more professional look to their preprints.

To produce his own books, Knuth had to tackle all the paraphernalia of academic
publishing—footnotes, floating insertions (figures and tables), etc., etc. As a mathemati-
cian/computer scientist, he developed an input language that makes sense to other scien-
tists, and for math expressions, is quite similar to how one mathematician would recite a
string of notation to another on the telephone. The TgX language is an interpreter. It ac-
cepts mixed commands and data. The command language is very low level (skip so much
space, change to font X, set this string of words in paragraph form, ...), but is amenable
to being enhanced by defining macro commands to build a very high level user interface
(this is the title, this is the author, use them to set a title page according to AMS specifi-
cations). The handling of footnotes and similar structures are so well behaved that "style
files" have been created for TEX to process critical editions and legal tomes. It is also
(after some highly useful enhancements in about 1990) able to handle the composition of
many different languages according to their own traditional rules, and is for this reason
(as well as for the low cost), quite widely used in eastern Europe and with other scripts
outside of western Europe/North America.

Some of the algorithms in TEX have not been bettered in any of the composition tools
devised in the years since TgX appeared. The most obvious example is the paragraph
breaking: text is considered a full paragraph at a time, not line-by-line; this is the basic
starting algorithm used in the HZ-program by Peter Karow (and named for Hermann Zapf,
who developed the special fonts this program needs to improve on the basics).

A TgX system stands on its own, provided all the fonts one needs are available. TeX
uses only the metrics, and produces a "device independent" output file—.dvi—that must
then be translated to the particular output device being used (an imagesetter, laser printer,
inkjet printer; in the "old days" even daisy-wheel printers were used). The DVI translator
actually accesses the font shapes, either as bitmaps, Type 1 fonts, or pointers to fonts
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installed in a printer with the shapes not otherwise accessible. PostScript and PDF are
two of the most popular "final" output forms for TgX .

One of the major areas where TgX holds its own is as a "back end" to SGML and
XML systems, where no human intervention is expected between data input (structured,
not WYSIWYG) and removing the output from the printer or viewing it on a screen.
Granted, this isn't "creative" in the sense most often discussed, but it's still important to
the readability and usefulness of such documents that care is taken with the design and
typography, and the flexibility and programmability of TgX makes that possible.

In summary, TgX is a special-purpose programming language that is the centerpiece
of a typesetting system that produces publication quality mathematics (and surrounding
text), available to and usable by individuals.

3.2 Metafont

Metafont is a program for making bitmap fonts for use by TgX, its viewers, printer drivers,
and related programs. It interprets a drawing language with a syntax apparently derived
in part from the Algol2 family of programming languages, of which C, C++, Pascal and
Modula-2 are members. The input can be interactive, or from a source file. Metafont
source files are usually suffixed ‘.mf’. Metafont sources can utilize scaling, rotation, re-
flection, skewing and shifting, and other complex transformations in obvious and intuitive
ways. But that is another story, told (in part) by The Metafont book. Metafont ’s bitmap
output is a gf (generic font) file. This may be compressed to an equivalent pk (packed)
font by the auxiliary program GFtoPK. Why doesn't Metafont output pk fonts directly?
Firstly, Tomas Rokicki had not invented pk at the time Donald E. Knuth was writing Meta-
font . Secondly, to change Metafont now would be too big a change in Knuth’s opinion.
(Knuth is a very conservative programmer; this fact is a two-sided coin.) gf and pk files
are suffixed ‘. *gf” and “.*pk’ respectively, where, in a typical unix installation, the “*’
stands for the font resolution. (Resolution will be explained below.)

A bitmap is all that’s needed for large-scale proofs, as produced by the GFtoDVI
utility, but for TEX to typeset a font it needs a tfm (TEX Font Metric) file to describe the
dimensions, ligatures and kerns of the font. Metafont can be told to make a tfm file, by
making the internal variable ‘fontmaking’ positive.

Remember that TEX reads only the tfm files. The glyphs, or forms of the characters,
as stored in gf or pk font files, do not enter the picture (I mean, are not read) until the dvi
drivers are run.

TEX can scale tfm files. Unfortunately, bitmaps such as gf and pk are not scalable.
However, Metafont files can be compiled into fonts of arbitrary scale by Metafont , even
by non-programmers. Incidentally, properly constructed tfm files are device-independent,
so running Metafont with different modes normally produces the identical tfm. Dimen-
sions in tfm files are specified to Metafont in device independent 'sharped' dimensions
(commonly suffixed by #), where a value of 1 corresponds to the dimension of 1pt (typo-
graphical point). Most of Metafont ’s calculations are done with (resolution and device
dependent) pixels as units. Care must be taken by font designers to always calculate un-
sharped dimensions from sharped ones, and never the other way round, so as to keep
roundoff errors or similar effects from influencing the tfm files to depend on resolution
or device. Although type quality will be influenced only in minuscule ways, this is one of
the more common reasons for checksum errors reported by printer drivers. Note that the
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only way to be sure that a TFM file is device-independent is to create the font in different
modes and compare the resulting TFM’s, perhaps using tftopl. More detailed descriptions
of tfm and gf files, and of proof mode, are found in Appendices F, G, and H, respectively
of The Metafont book.

Metafont, Knuth's font creation program, is independent of TEX . It generates only
bitmap fonts (although internally it creates outlines on which the bitmaps are based).
There is still research to be done on combining overlapping outlines into a single out-
line that can be used like the outline of a Type 1 font; Knuth has "frozen" Metafont, so
further research and development are being done by someone else, and the result will
not be called "Metafont". In fact, it's also possible to use Type 1 fonts with TgX , and
nearly all TgX installations routinely use free or commercial Type 1 fonts, especially if
they're not producing heavily technical material; only Computer Modern (the font Knuth
developed), Lucida Bright, and Times have anywhere near a comprehensive symbol com-
plement, and none of the symbol sets are from "major" font suppliers (too much work, not
enough money; the demise of Monotype's symbol catalog—metal only—is a particularly
great loss).

TgX is the composition engine (strictly speaking, an interpreter, not a compiler). It
is essentially a batch engine, although a limited amount of interactivity is possible when
processing a file, to allow error recovery and diagnosis. Thus it *is* a page layout appli-
cation.

3.3 MetaPost

MetaPost is a programming language much like Knuth’s Metafont except that it outputs
vector graphics, either PostScript programs or SVG graphics, instead of bitmaps. Bor-
rowed from Metafont are the basic tools for creating and manipulating pictures. These
include numbers, coordinate pairs, cubic splines, affine transformations, text strings, and
boolean quantities. Additional features facilitate integrating text and graphics and access-
ing special features of PostScript such as clipping, shading, and dashed lines. Another
feature borrowed from Metafont is the ability to solve linear equations that are given im-
plicitly, thus allowing many programs to be written in a largely declarative style. By
building complex operations from simpler ones, MetaPost achieves both power and flex-
ibility. MetaPost is particularly well-suited to generating figures for technical documents
where some aspects of a picture may be controlled by mathematical or geometrical con-
straints that are best expressed symbolically. In other words, MetaPost is not meant to
take the place of a freehand drawing tool or even an interactive graphics editor. It is re-
ally a programming language for generating graphics, especially figures for TEX and troff
documents. MetaPost language is based on Knuth’s Metafont to a large extent.

3.4 LuaTgX

LuaTgX is an extended version of pdfTEX using Lua as an embedded scripting language.
The LuaTgX project's main objective is to provide an open and configurable variant of
TEX while at the same time offering downward compatibility. From the user perspective
we have pdfTEX as stable and more or less frozen 8 bit engine, XeTgX as unicode input
and font aware engine using libraries for font handling, and LuaTgX as engine that is
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programmable and delegates as much as possible to Lua, with the objective to keep the
core engine lean and mean.

3.5 Lua Language

Lua is a powerful, fast, lightweight, embeddable scripting language.

Lua combines simple procedural syntax with powerful data description constructs
based on associative arrays and extensible semantics. Lua is dynamically typed, runs
by interpreting bytecode for a register-based virtual machine, and has automatic mem-
ory management with incremental garbage collection, making it ideal for configuration,
scripting, and rapid prototyping.

Lua has been used in many industrial applications (e.g., Adobe's Photoshop Light-
room), with an emphasis on embedded systems (e.g., the Ginga middleware for digital
TV in Brazil) and games (e.g., World of Warcraft and Angry Birds). Lua is currently
the leading scripting language in games. Lua has a solid reference manual and there are
several books about it. Several versions of Lua have been released and used in real appli-
cations since its creation in 1993. Lua featured in HOPL III, the Third ACM SIGPLAN
History of Programming Languages Conference, in June 2007. Lua won the Front Line
Award 2011 from the Game Developers Magazine.

It has a deserved reputation for performance. To claim to be "as fast as Lua" is an
aspiration of other scripting languages. Several benchmarks show Lua as the fastest lan-
guage in the realm of interpreted scripting languages. Lua is fast not only in fine-tuned
benchmark programs, but in real life too. Substantial fractions of large applications have
been written in Lua.

Lua is distributed in a small package and builds out-of-the-box in all platforms that
have a standard C compiler. Lua runs on all flavors of Unix and Windows, on mobile
devices (running Android, iOS, BREW, Symbian, Windows Phone), on embedded mi-
croprocessors (such as ARM and Rabbit, for applications like Lego MindStorms), on
IBM mainframes, etc.

Lua is a fast language engine with small footprint that you can embed easily into your
application. Lua has a simple and well documented API that allows strong integration
with code written in other languages. It is easy to extend Lua with libraries written in
other languages. It is also easy to extend programs written in other languages with Lua.
Lua has been used to extend programs written not only in C and C++, but also in Java,
C#, Smalltalk, Fortran, Ada, Erlang, and even in other scripting languages, such as Perl
and Ruby.

A fundamental concept in the design of Lua is to provide meta-mechanisms for im-
plementing features, instead of providing a host of features directly in the language. For
example, although Lua is not a pure object-oriented language, it does provide meta-
mechanisms for implementing classes and inheritance. Lua's meta-mechanisms bring an
economy of concepts and keep the language small, while allowing the semantics to be
extended in unconventional ways.

Adding Lua to an application does not bloat it. The tarball for Lua 5.3.0, which con-
tains source code and documentation, takes 272K compressed and 1.1M uncompressed.
The source contains around 23000 lines of C. Under 64-bit Linux, the Lua interpreter built
with all standard Lua libraries takes 241K and the Lua library takes 412K.

Lua is free open-source software, distributed under a very liberal license (the well-
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known MIT license). It may be used for any purpose, including commercial purposes, at
absolutely no cost. Just download it and use it. [16]

3.6 Context Analysis

By "contextual analysis" we mean the determination of a character's proper presentation
form according to its context.

In Arabic each character may have several presentation forms. The proper presen-
tation form of a character in a text is determined according to the available presentation
forms of the character itself and those of characters surrounding it. It also depends on the
current presentation forms of the surrounding characters. Determining the proper presen-
tation form of a character according to its context is called "contextual analysis". [17]

3.7 Line Breaking in TpX

Line Breaking is the mechanism for choosing the "best possible" breakpoints that yield
the individual lines of a paragraph.

The algorithm studied and discussed here is based on an approach devised by Michael
F. Plass and D. E. Knuth in 1977, subsequently generalized and improved by the same two
people in 1980 for TeX .

A detailed discussion appears in [18].

3.7.1 Algorithm Overview

» TgX's line-breaking algorithm takes a given horizontal list (unprocessed paragraph)
and converts it to a sequence of boxes that are appended to the current vertical list
(page lines).

* While doing this, it creates a special data structure containing three kinds of records
that are not used elsewhere in TgX which make the other parts of TgX do not need
to know anything about how line-breaking is done.

* General outline of line break procedure (the main lengthy procedure that handles
line breaking in TgX ):
— Get ready to start line breaking.
— Find optimal breakpoints.

— Break the paragraph at the chosen breakpoints, justify the resulting lines to
the correct widths, and append them to the current vertical list.

— Clean up the memory by removing the break nodes.

3.7.2 Break Nodes

» TgX creates a “break node” for each break that is “feasible”, in the sense that there
is a way to end a line at the given place without requiring any line to stretch more
than a given tolerance.
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A break node is characterized by three things:

Position of the break (a pointer to a glue node, math node, penalty node, or disc
node).

Ordinal number of the line that will follow this breakpoint.

The fitness classification of the line that has just ended, i.e., tight fit, decent fit,
loose fit, or very loose fit.

Fitness classifications:

tight fit=0 lines shrinking 0.5 to 1.0 of their shrinkability
loose  fit=2 lines stretching 0.5 to 1.0 of their stretchability
very loose fit=3 lines stretching more than their stretchability
decent fit=1 all other lines

The algorithm essentially determines the best possible way to achieve each feasible
combination of position, line, and fitness.

3.7.3 Active and Passive Nodes

An “active node” and a “passive node” are created in memory for each feasible
breakpoint that needs to be considered.

We need active nodes only for breakpoints near the place in the paragraph that is
currently being examined, so they are recycled within a comparatively short time
after they are created.

An active node for a given breakpoint contains six fields:

link: points to the next node in the list of active nodes.

break node: points to the passive node associated with this breakpoint.
line  number: is the number of the line that begins at this breakpoint.
fitness: is the fitness classification of the line ending at this breakpoint.

type: is either hyphenated(1) or unhyphenated(0), depending on whether this break-
point is a disc_ node.

total demerits: is the minimum possible sum of demerits over all lines leading from
the beginning of the paragraph to this breakpoint (the quantity that TgX minimizes).

The passive node for a given breakpoint contains only four fields:

link: points to the passive node created just before this one, if any, otherwise it is
null.

cur break: points to the position of this breakpoint in the horizontal list for the
paragraph being broken.
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 prev_ break: points to the passive node that should precede this one in an optimal
path to this breakpoint.

* serial: is equal to n if this passive node is the nth one created during the current pass.
(This field is used only when printing out detailed statistics about the line-breaking
calculations.)

* The active list also contains “delta "nodes that help the algorithm compute the bad-
ness of individual lines.

» Suchnodes appear only between two active nodes, and they have type=delta node(2).

» If p and r are active nodes and if q is a delta node between them, so that link(p)=q
and link(q)=r, then q tells the space difference between lines in the horizontal list
that start after breakpoint p and lines that start after breakpoint r. Delta Nodes:

 The active list also contains “delta "nodes that help the algorithm compute the bad-
ness of individual lines.

 Such nodes appear only between two active nodes, and they have type=delta node(2).

 If p and r are active nodes and if q is a delta node between them, so that link(p)=q
and link(q)=r, then q tells the space difference between lines in the horizontal list
that start after breakpoint p and lines that start after breakpoint r.

* In other words, if we know the length of the line that starts after p and ends at
our current position, then the corresponding length of the line that starts after r is
obtained by adding the amounts in node q.

* A delta node contains six scaled numbers, since it must record the net change in
glue stretchability with respect to all orders of infinity.

* The six scaled numbers are: natural width difference , the stretch differences in
units of pt, fil, fill, and filll and the shrink difference.

* Glue nodes in a horizontal list that is being paragraphed are not supposed to in-
clude “infinite*” shrinkability; that is why the algorithm maintains four registers
for stretching but only one for shrinking.

3.7.4 Finding Feasible Breakpoints

* A global pointer variable cur_p (used both by line break and by its subprocedure
try break) runs through the given hlist as we look for breakpoints.

» Another global variable called threshold is used to determine the feasibility of in-
dividual lines:

» Breakpoints are feasible if there is a way to reach them without creating lines whose
badness exceeds threshold.

* The badness(?) is compared to threshold before penalties are added, so that penalty
values do not affect the feasibility of breakpoints, except that no break is allowed
when the penalty is 10000 or more.
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Up to three passes might be made through the paragraph in an attempt to find at
least one set of feasible breakpoints.

On the first pass, we have threshold=pretolerance.

If this pass fails to find a feasible solution, threshold is set to tolerance and an
attempt is made to hyphenate as many words as possible.

If that fails too, we add emergency _stretch to the background stretchability and set
final pass=true.

The heart of the line-breaking procedure is ‘try break’, a subroutine that tests if
the current breakpoint cur_ p is feasible, by running through the active list to see
what lines of text can be made from active nodes to cur_p.

If feasible breaks are possible, new break nodes are created.
If cur_p is too far from an active node, that node is deactivated.

The parameter pi to try break is the penalty associated with a break at cur p.
Finding optimal break points:

As we consider various ways to end a line at cur_p, in a given line number class,
we keep track of the best total demerits known, in an array with one entry for each
of the fitness classifications.

For example:

minimal demerits[tight fit] contains the fewest total demerits of feasible line
breaks ending at cur _ p with a tight fit line

best place[tight fit] points to the passive node for the break before cur p that
achieves such an optimum.

best pl line[tight fit] is the line number field in the active node corresponding
to best  place[tight fit].

When no feasible break sequence is known, the minimal demerits entries will be
equal to awful bad.

Active nodes with minimal demerits greater than minimum_ demerits+abs(adj
demerits) will never be chosen in the final paragraph breaks.

This observation allows us to omit a substantial number of feasible breakpoints
from further consideration.

The remaining part of try break deals with the calculation of demerits for a break
from node r to cur_ p.

The first thing to do is calculating the badness, b. This value will always be between
zero and inf bad+1; the latter value occurs only in the case of lines from r to cur
p that cannot shrink enough to fit the necessary width.

33



If the line from r to cur_ p is feasible, its badness is b, and its fitness classification
is fit _class. We will compute the total demerits and record them in the minimal
demerits array, and check if such a break is the current champion among all ways
to get to cur_ p in a given line-number class and fitness class.

At last, we find active nodes with fewest demerits for each line class.

Once the best sequence of breakpoints has been found, we call on the procedure
post_line break to finish the remainder of the work:

Break the paragraph at the chosen breakpoints.
Justify the resulting lines to the correct widths.
Append them to the current vertical list.

By introducing this subprocedure, we are able to keep line break from getting
extremely long.
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Chapter 4

Font Package Development and QC

In this chapter we will talk about the starting point of the project which was creating a
usable font package. This step leaded us to begin using the font inside TgX environment
and hence discover some bugs in the package like missing forms and joint problems and
fix it.

4.1 Creating the Font Package

Metafont is a system that allows you to create fonts easily. Metafont is actually a single
command-line application (called mf on most platforms, and mf.exe on Windows plat-
forms). In short, it has no graphical interface. It must be called from a command line or
by a helper program. So, how can you create fonts with such a program if you cannot
draw figures and such? This program is an interpreter. It takes a series of instructions as
input, and executes them one at a time, as it receives them. In other words, Metafont is
also a programming language, like C, BASIC, Pascal (in which the source of Metafont
was originally written), Perl, and of course TEX . So, how do you enter your programs so
that Metafont can interpret them? Well, there are various ways, but the most common is
to make a file containing the instructions, and to give the file's name to mf. The file itself
must be plain text, and must have the extension .mf. mf will then read this file and give
back (if everything's okay) two other files with the same name but different extensions
(the process is called compilation). One file will have the extension .tfm. It's called the
font metrics file. It contains information like the size of the characters. The second file
will have an extension of the form .<number>gf where <number> is a certain value with
usually three figures. It contains the actual shapes of the characters (or glyphs, as they
are usually called). Both files form the font, and both are necessary to have a working
font. So, is that it? Well, it would be too simple if it was. For historical reasons, the gf
file is not the one which is actually used. You need first to transform it into a smaller file,
containing the same information but in a packed way. You do it with a second program
called GFtoPK (GFtoPK.exe on Windows platforms of course), and the resulting file has
the same name as the original one, except that its extension has become .<number>pk
(with the same number as the gf file). The pk and tfm files form the actual font, and the
last thing you have to do is to put them in a place where they will be recognized by TEX
and ISTEX . Once done, you can happily use your fonts in ETEX .
So, to summarize the steps we can put them in points:

1. Write one (or more) plain text file containing Metafont instructions (a Metafont
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program thus) and save it (or them) with a .mf extension.

2. Call mf on this file. The result will be two files, ending respectively in .tfm and
.<number>gf.

3. Pack the gf file by calling GFtoPK on it. You will get another file ending in .<num-
ber>pk or .pk.

4. Move your tfm and pk files to some place where they can be recognized by TgX
and KTEX .

5. Call the font inside your TgX file and start using it.

In our case, all the Naskh style individual letters were developed using Metafont . [19]

The first step for here was creating a one .mf file for all the letters to generate one pack-
age for it. A shell script was developed to handle creating what we will call galambase.mf
file which contain all Metafont definitions of all of our letters.

Here is the shell script code that builds the qalambase.mf file.

#!/bin/bash

DATE="date +%e—%m%y "
echo "%%This file was created using, mf, files
of $1 directory_on $SDATE" > $1/qalambase.mf
for file in $1/*.mf
do
echo "Adding,$file_macros, to qalambase.mf"
echo "

V8888888888884, $ file —macros YOS50
" >> §1/qalambase . mf
cat "$file" >> $1/qalambase.mf
done
sed "s/$1\///" $1/qalambase.mf | sed "s/\.mf—/—/" |
sed "s/enddef/enddef\;/" |
sed "s/\;\;/\;/" > $1/tmpbase && mv $1/tmpbase $1/qalambase.mf
dos2unix $1/qgalambase.mf
#End of mergemf.sh file

First, we run mergemf.sh on the target directory that contain all the .mf files of the
font like this:

mergemf.sh mf dir

the file qalambase.mf will get generated inside the directory containing all the mf
definitions/macros of the letters.

After the galambase.mf file is generated we run the mf executable on it to get qalam.tfm
and galam.600gf. Then, we run GF2PK on the gf file to get qalam.600pk. Copying the
tfm and pk files to the tex fonts directory lets us to call the character definitions inside the
TEX file and see the results.
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Figure 4.1: Character boxes approach

®

Figure 4.2: Isolated form of the letter "Noon" without elongation

4.2 Calling the Different Shapes of a Letter

Testing of individual shapes was done along with the development of the font letter forms,
form variants, mathematical symbols, etc. Once the basic development was finished,
testing of the letters' positions against the baseline and against each other when included
in the same word was needed. In addition, there was a need to perform checks for missing
forms, to assure smooth joins between letters and correct kerning.

This drove us to call the Metafont letters under TgX to debug the font. To do that, two
approaches were possible:

1. Define the character's borders through boxes, similar to the Latin script, and define
a character for each shape and with fixed elongation as shown in Fig. 4.1. This
approach, by definition, must have a finite number of characters in the font at the
end. Such a finite, i.e. limited, number of characters means that we must use only
a limited set of values for the parameters of each character.

So, while debugging we used for example only the "Noon" form shown in Fig. 4.2
despite the font's capability to generate elongated shapes of this form as shown in
Fig. 4.3.

2. Using LuaTEX 's embedded Lua and MetaPost engines to call the correct shape with
the suitable elongation value. The main advantage of this approach is that we will
be able to benefit from all the font features. But lacking experience in this approach
made us think that we should postpone using it to the next phases, as more time will
be needed to debug it.

Hence we started with the first approach to complete the current debugging phase.
The second approach was used later on the project. The next chapter will discuss it in
detail.

To surround the resulting letters with boxes, we used the TEX code at Appendix B.1.

which produced whats in Fig. 4.4 :
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Figure 4.3: Isolated form of the letter "Noon" with different elongation values

38



oll[T2)

abpqwg‘l?

-

orwigpibia

21!gwqgpba

=i A HEARARBEREIENE S — putto

,—..’>-.zé&__M \_AA_Q_i_A__LAbL__A_,A \_AA

:f@@@ﬁ@ ) —*4—#5 —>-,-°—‘3-’>-°=
HE HE MPCUD W o v % j‘fy"

----------- U&Lq'dqu-a'a;e@'@a_d%aqaﬁ

B 2w a4 b a4 b 3 -=_>L;;.,c;_§7t; £ ac. ¢

T,ﬂ_$¢ uJ _l_l_L_.LTLAKS 5___2452

ol

Figure 4.4: Boxes around letters
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Figure 4.5: Font state at an early debugging phase
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Figure 4.6: Font state after fixing bugs

4.3 Problems Found During Font Debugging

As expected, some bugs appeared when using the font under TgX. If we take a look
at Fig. 4.5 we can easily notice the bugs, from right to left as follows. The first and
fifth cross signs mark a kerning bug with the letter "Waw" as it appears too far from the
succeeding letter. The second and fourth signs mark bad joins of letter "Ain". Also the
letter shape itself needs some modifications as marked by the third sign. More bad joins
appear between letters "Qaf" and "Sad" and letters "Lam" and "Dal" as marked by the
sixth and ninth signs. The seventh sign marks a missing letter that should be added to the
font package. The eighth sign marks a mistake in specifying the border of letter "Alef"
that caused it to be too close to the succeeding letter.

We have worked on fixing these bugs and many others that appeared in turn, to get
to a state with the font that made us ready to move to the next step (despite having very
few joining bugs as shown in Fig. 4.6). This is implementing the multi-layer context
analysis algorithm to make using the font more user friendly, by automatically choosing
the suitable letter forms and form variants instead of the user having to do so manually.

Also, several missing forms of letters were added accordingly as seen in Fig. 4.7
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Chapter 5

Context Analysis Engine Development

In Arabic each character may have several presentation forms. The proper presentation
form of a character in a text is determined according to the available presentation forms of
the character itself and those of characters surrounding it. It also depends on the current
presentation forms of the surrounding characters. Determining the proper presentation
form of a character according to its context is called “contextual analysis”. Our target is
to develop a generic algorithm that handles context analysis for AlQalam font and similar
rich fonts.

5.1 Context Analysis Engine Using C

Like all multi-lingual computing, Arabic computing is now firmly in the domain of Uni-
code. Unicode is an industrial protocol with the status of international agreement. It
is designed to encode the elements of all known script systems in such a way that they
become interchangeable between programs and operating systems.(For more information
refer to Arabic standard unicode charts implemented by the Unicode Consortium [20]) As
a first approach we have implemented a C program to process an Arabic text file through
reading it line by line and each line is read character by character to decide which form
should be called for each letter. The output of this third party application was a TgX file
that contains function calls to the the letters with the correct forms. This output file should
be passed to LaTgX engine to generate a pdf for the text written in AlQalam font with the
contextually correct forms.

5.1.1 Algorithm Overview

Referring to (Appendix A) that represents all the letter forms of AlQalam font and the
conditions to use each form, we developed a generic algorithm to handle this table and
similar kind of font tables.

Here's an top level flow chart for our algorithm:
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Let's describe "process current char" block in more details: In Unicode, the basic
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Arabic characters are in the range of U+0600 to U+0652 and extended Arabic characters
are in the range of U+0653 to U+06FF.

Referring to [20], These ranges when represented in the UTF-8 hex are from 0xD880
to 0xD992 for Basic characters and from 0xD993 to OxDBBF.

We have covered the 0xD8xx and 0xD9xx range and the coming flowchart describes
the behavior of the code according to the UTF-8 hex value of the current character being
processed.

Gtart process_cu rrent_chaD

A 4

Check current_char hex
representation

Print as is to

the TeX file +No

Is in Arabic range?

Yes

v

Identify the character

}
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and after_next characters

A 4

Print the letter form call to
the TeX file

End

process_current_char Block

To elaborate more on the form selection process, let's take an example for how this is
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done for letter "BAA".
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The previous flowchart is a translation to what is stated in (Appendix A) for BAA
letter. Note that we needed to know the surrounding letters up to two steps forward which
means two letters after the current one. This was due to that the second form of letter
BAA for example to appear, needs that the next character to be HEH and to have a letter
after that i.e. the HEH is not the end of the word.

5.1.2 Example for input and output files

Example for an Arabic ASCII file:

Dllwy T8 Ladd pdwY! b 5SCy 4be 4 1 by adls LS 4y
ade I o oo AdlEe dusel g TS T gaw Lgo w4 s
pwl s axdid b pluy

pasl g s L 2 3 LS aelie 8 adls sl
=Y L Sy Louwed! aud Ladd Logyd oda ol dwds 3 JLES gwl g
sl Gually pdwdd & Jlas il s ga 4 JLES Godall S
bl o 4as EGS

>y I

uyLwi Ot .,L_>i ooy douadl I A8 oo dd)y e L Je i
Loz 4ol (c")._m;l_é J._“)Ji sddl 4 o Sid dxlb (o glede on il

o=l JLB ey LS aedlly Lisye JLES lall G syee 13 Jgully
oliaxhold ala b i3 ay 4 L‘a_ﬁ |_>J_;_>13 ol_’u_{_iu aS s
Glead Lw o (o poao Jﬁi dode ]l Liedd >

This file is sent to our C program as an argument when calling it and the output inter-
mediate file is shown at Appendix B.2.

Code shown at Appendix B.3 represents an example for a TEX input file that uses the
program output as an input to call the correct letter forms and produce the correct pdf of
the text using AlQalam Font.

Here is the output file that is produced by TgX in this case:
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5.2 Context Analysis Engine Using LuaTgX

LuaTgX is a TeX -based computer typesetting system which started as a version of pdfTgX
with a Lua scripting engine embedded. After some experiments it was adopted by the
pdfTEX team as a successor to pdfTEX (itself an extension of eTEX , which generates
PDFs). Later in the project some functionality of Aleph was included (esp. multi-directional
typesetting). The project was originally sponsored by the Oriental TeX project, founded
by Idris Samawi Hamid, Hans Hagen, and Taco Hoekwater. The main objective of the
project is to provide a version of TgX where all internals are accessible from Lua. In
the process of opening up TEX much of the internal code is rewritten. Instead of hard
coding new features in TeX itself, users (or macro package writers) can write their own
extensions. LuaTgX offers native support for OpenType fonts. In contrast to XeTEX ,
the fonts are not accessed through the operating system libraries, but through a library
based on FontForge. A related project is MPLib (an extended MetaPost library module),
which brings a graphics engine into TgX . The LuaTgX team consists of Taco Hoekwater,
Hartmut Henkel and Hans Hagen. [21]
LuaTgX Main Features [22]:

 Use of Lua language inside TgX to implement functions.
» Usage of MPLib.

» Use of the callbacks to override default TeX behavior for special cases like our case.

5.2.1 Lua Code Execution

The primitive \directlua is used to execute Lua code immediately. The syntax is
\directlua <general text> The last <general text> is expanded fully, and then fed
into the Lua interpreter. We made use of this functionality by porting our context analysis
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C function into Lua and load it in order to make use of it instead of using the third party
application step. The approach will be shown later in the callback section.

5.2.2 MPLIib

By loading the MPLib package using \usepackage{luamplib} we can execute:

\begin{mplibcode}

beginfig(1);

And hence load all the Metafont files of the font (without the 256 letter limitation)
and call the Metafont function of any letter with the desired argument values. i.e. change
elongation, form,..etc. [23], [24] and [25]

5.2.3 Callbacks Library

This library has functions that register, find and list callbacks.

Callbacks are entry points to LuaTgX ’s internal operations, which can be interspersed
with additional Lua code, and even replaced altogether. In the first case, TgX is sim-
ply augmented with new operations (for instance, a manipulation of the nodes resulting
from the paragraph builder); in the second case, its hard-coded behavior (for instance, the
paragraph builder itself) is ignored and processing relies on user code only.

More precisely, the code to be inserted at a given callback is a function (an anonymous
function or the name of a function variable); it will receive the arguments associated with
the callback, if any, and must frequently return some other arguments for TEX to re-
sume its operations. The first task is registering a callback: id, error = callback.register
(<string> callback name, <function> func) id, error = callback.register (<string> call-
back name, nil) id, error = callback.register (<string> callback name, false) where the
callback name is a predefined callback name, see below. The function returns the inter-
nal id of the callback or nil, if the callback could not be registered. In the latter case, error
contains an error message, otherwise it is nil.

LuaTgX internalizes the callback function in such a way that it does not matter if you
redefine a function accidentally.

Callback assignments are always global. You can use the special value nil instead of
a function for clearing the callback.

For some minor speed gain, you can assign the boolean false to the non-file related
callbacks, doing so will prevent LuaTgX from executing whatever it would execute by
default (when no callback function is registered at all). Be warned: this may cause all
sorts of grief unless you know exactly what you are doing! This functionality is present
since version 0.38 of LuaTgX . We mainly made use of "process_input buffer" callback.
This callback allowed us to change the contents of the line input buffer just before LuaTgX
actually starts looking at it.

So, now user can input Arabic text in the TgX file and we can process it to call the
correct Metafont function that corresponds to the letter in the context.

5.2.4 Porting the Generic Context Analysis C Code to Lua to use it
inside LuaTgX

We have ported the context analysis ¢ code into Lua to load the context analysis function
inside LuaTgXand manipulate the input stream using the process_input buffer callback
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from LuaTgX to modify the input that is passed to the TgX engine with the corresponding
Metafont call to each input Arabic letter and using our context analysis engine to select
the suitable forms of the letters from our font.

These are some notes (or significant difference) that we came a cross when porting
the C code to Lua:

In Lua version 5.1:

* Semicolon as a statement separator is optional.

* It supports assignment to a list of variables: local a,b,c=1,2,x,y=y,X,ora, b
= foo().

* It Supports multiline strings (using [[...]]; can be enclosed with [[...[=[...]=]...]]) and
comments (--[[...]]).

* Strings are indexed from 1 rather than 0.

* No integers as a separate numeric type; the number type represent real numbers.

* Non-equality operator is = (for example, ifa =1 then ... end).

* not, or, and keywords used for logical operators.

» Assignments are statements, which means there is no a=b=1 or if (a=1) then ... end.
* No a+=1, at++, or similar shorthand forms.

* No switch statement.

* A control variable in a loop is localized by default and is not available after the
loop. Also, changing the value of the control variable inside the loop yields an
unexpected behavior.

» Conditionals and other control structures require no brackets.

 Strings and numbers are automatically converted (if string is used where a number
is expected and vice versa), but not in equality/inequality.

 return statement can't be used if it's not the last statement in a block.

Here is a code snippet from the original C code and its corresponding port in the Lua
code as an example:
C code:

string context(string current line)

{ string result line;
for (size t i = 0; i < current line.length(); i=i1+2)
{
if(i != 0)
{

//Do something .
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}
b

return result line;

Corresponding Lua Code:

function context(current line)
result line= ""
—In Lua string indices start at index value 1.
for i = 1, string.len(current line), 2
do
if(i ~= 1) then
— Do something.
end
end
return result line

end

After investigating the callbacks library in LuaTgX we found that the best callback
that can help us insert our context analysis engine is the data processing callback that is
called "process_input buffer".

This callback allows us to change the contents of the line input buffer just before
LuaTgX actually starts looking at it.

Through using this callback we were able to manipulate the input buffer contents
(which contains initially unicode Arabic letters) and generate instead of it the correct
MetaPost letter calls from AlQalam base file(originally Metafont calls but we they are
still compatible with MetaPost that is introduced in LuaTgX ) according to the context.

So the output becomes a series of MetaPost calls to the letter forms.

Encapsulating this output inside begin{mplibcode} and end{mplibcode} from LuaTgX
yields the desired output which is a box that has all the requested letter forms drawn inside
and are contextually correct.

5.3 Results

After loading the Lua context analysis code and input the Arabic text using the LuaTpX
code shown in Appendix B.4, We were able to get sentences written in AlQalam font
easily and without further steps.

The output that corresponds to the input file is shown in Fig. 5.1

Other outputs can be obtained by editing the Arabic text section in the file (inside
\startQalamBuffer and \begin{mplibcode} part)

The next figures starting Fig. 5.2 to Fig. 5.10 show other sample outputs using AlQalam
font inside LuaTgX with the ported context analysis algorithm loaded using the command
\directlua{dofile("context.lua")}
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Latm hne

Latin line 2

Figure 5.1: Sample output 1

Latin line 1
A 1SS

Latin line 2

Figure 5.2: Sample output 2

Latin line 1 | |
Latin line 2

Figure 5.3: Sample output 3
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Latin line 1 9
el el oa s als e elan Ul
Latin line 2

igure 5.4: Sample output 4

Latin lme

Latin line 2

ure 5.5: Sample output 5



Latin line 1

ol ld

Latin line 2

Figure 5.6: Sample output 6

Latin line 1

Latin line 2

ure 5.7: Sample output 7

Latin line 1

Latin line 2

ure 5.8: Sample output 8




Latin line 1 ;
35293 £ &2 0x0 5 s man @
Latin line 2

Figure 5.9: Sample output 9

Latin line 1

43 Sla lilo Lllsem 4l ol

Latin line 2

Figure 5.10: Sample output 10
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5.4 Evaluation

In this section, we explain the testing methodology used, how the test was designed, and
finally, test results and comments.

5.4.1 A Subjective Test

A subjective test was carried out by surveying a sample of 30 people (18 males and 12
females) with ages ranging from 18 to 50 years. The object of the test was to know if the
reader will be comfortable with the way out sentences written with AlQalam font using
the developed contextual engine looks as compared to sentences written with other Naskh
fonts.

5.4.2 Testing Methodology

The test methodology used is that of the Mean Opinion Score (MOS).

This is a subjective test which is very often used to evaluate the perceived quality of
media (like audio or video) after compression or transmission in the field of electrical
communications and digital signal processing. The MOS is expressed as a single number
in the range of 1 to 5, where 1 is lowest quality and 5 is highest quality.

5.4.3 Design of the Test

In our case, the MOS is a numerical indication of the perceived quality of a written sen-
tence. A survey was designed asking a reader to evaluate sentences in terms of their
written quality and he is asked to rate them in terms of how comfortable he is with them.
A rating of 1 is given to low quality and uncomfortable sentences, and a rating of 5 is
given to a sentence of high written quality and which is comfortable to the reader.

The test was composed of eight sentences, each written in four different Naskh fonts:

 Simplified Arabic
* Arabic Typesetting
* Amiri Font

» AlQalam font using the generic contextual analysis engine presented in this thesis
The eight sentences were chosen to test these main features:

* Each letter is correctly generated without compatibility problems with MetaPost

Choosing the correct forms of letters (context analysis engine test)

» Connections between letters (joining problems that require modification in Meta-
font files)

+ Kerning
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For a more reliable and unbiased test, the order of fonts used was varied in consecutive
rows and all sentences are set to approximately the same sizes although same point sizes
of different fonts were not exactly equal. Finally, the MOS is calculated as the arithmetic
mean of all the individual scores. The generated sentences used in the designed test are
shown below.

Doy usnl) e )
Aoy 5 4l oy A SIS 6,
Osisna b Gpdll o 68l (il ae il )
ol Gl 2l
ot Gl (gom Jae S
a8 16 e Like 1S Jran irea
305 5850 & 5 s Lk jeae ()l

Figure 5.11: MOS sentences generated using Simplified Arabic
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\f**if*‘*“@oi
gy 5 W) gt s 8 5,
oy & ol el o 8
Al ol sl
A (S
oo oM Gy Joe K
2505 3 1o e 5 s Wl rae 2]

Figure 5.12: MOS sentences generated using Arabic Typesetting
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|t pedll e 0]

Ay 3 il 2 s O 5,
S5t o el 5 158 ) oo & ol
o) Ol )

B S
oo o G e (B

13 6 Ls L 1,8 lua Alud

3508 3 8300 Y s s s pae (2]

Figure 5.13: MOS sentences generated using Amiri Font
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gl an )
gy s Al oy s K 035
maa el sl o2 e
ol d sl
Mtﬁi@
e ool d e S
4 )l lulo S s ol ses!

35255 80\ 05 e ea ol

Figure 5.14: MOS sentences generated using AlQalam Font
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5.4.4 Test Results

Sentence No. | Simplified Arabic | Arabic Typesetting | Amiri Font | AlQalam Font

1 3 3.6 3.8 29
2 2.6 3.9 4.1 4

3 2.1 3.7 4.1 3.9
4 2.5 3.9 4.2 2.7
5 22 3.7 4.2 33
6 3 4.1 4.5 29
7 3.1 3.4 3.9 2.8
8 23 3.9 3.5 2.1

5.4.5 Comments and Conclusion on Results

The results show that the font in a fair condition as some sentences were poorly perceived
and others were well perceived. This is due to some issues that appears in the poorly
perceived sentences which are:

* In sentence one: The space between the third and fourth words is too tight to be a
space between two words. This was due to the kerning parameters of "RAA" letter.

* Sentences two and three were well perceived as they have almost no issues except
for a small diffraction from the third sentence against the line.

* The same kerning issue of "RAA" appears in the fourth sentence but here within
the same word and this caused the sentence to be poorly perceived.

» Some issues appeared in the sixth and seventh sentences like wrong forms of "TEH"
and "HAA" were combined so the last word in the sixth sentence appeared in in-
appropriate way. Also, in the seventh sentence, the space between "ALEF" in the
third word and "KAF" in the fourth word should be longer to clarify the starting of

a new word. In addition to a noticeable issue in joining "TAA" with "YAA" in the
fifth word.

» The last sentence had the lowest score as it has:

1. "DAD" letter in the first word should be fixed as it has joining issues.
2. Kerning between "WAW" and "BAA" in the fifth word.

3. The kerning in the sixth word should be revisited as "WAW" was expected to
be at higher level on te line than its previous letter "RAA".

4. Same applies for the kerning issues in the last word, levels of "WAW" and
"RAA" should be fixed.

We believe that more work is still ahead enhancing the font and this became now much

easier due to the latest enhancements in the font usage scheme. This will eventually enable
fast discovery of bugs and also fast testing and development cycles.
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Chapter 6

Conclusion and future work

6.1 Conclusion

In this thesis, we introduced a new algorithm for the contextual analysis of Arabic char-
acters that are part of rich Arabic fonts. We used AlQalam font as our test font, ported
our generic context analysis C code to Lua language, loaded it inside LuaTgX , overrode
the normal input buffer TEX operations to manipulate the buffer contents and do our cus-
tom context analysis work to get sentences written in AlQalam font with the correct letter
forms according to the context using a normal LuaTgX editor to input Arabic text.

With few changes, this algorithm can be used for any rich Arabic font to handle its
context analysis process.

This enabled us to recognize more font issues easier than ever, so this engine can be
used to test rich fonts like AlQalam font and point out if there are missing forms, issues
with specific forms or joining issues quickly and easily. Also, it will be released with the
final version of the font to override the default context analysis engine of TgX and act as
the custom context analysis engine that is tailored to satisfy the rich Arabic font needs
and hence show its beauty and richness.

This is a step towards facilitating the creation of rich Arabic fonts that avoid the dis-
advantages of the most fonts and methods listed in chapter 2 and offer:

+ Ease of use.
* Direct Arabic text input.
* Ability to use various beautiful forms of letters.

* One package that includes Arabic letters and mathematical symbols.

6.2 Future Work

As we have reached a state that we do context analysis for the font and generate the correct
Arabic words with fixed elongations and without the usage of ligatures, we now need to
override the default line-breaking algorithm of TgX (that uses spaces only to justify lines)
to use another algorithm that makes use of the various ways of justifying lines for Arabic
rich fonts. See Figure: 6.1

Currently the appended Metapost calls that returns from the context analysis Lua code
are sent to Metapost to construct the line. The constructed line returns as a Metapost box
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Develop a Develop a line
Create font context analysis breaking
package algorithm for the algorithm for the
font font

Figure 6.1: Work Done and Future Work

to the TgX engine. There should be a higher level algorithm that constructs a single line
using Metapost calls and send it to Metapost engine in LuaTgX and then get the box width
of the Arabic line and checks if the width is within the acceptable range or not. In case
of the box is out of the acceptable range, another iteration should be done (by adding or
removing words from the line according to the desired increase/decrease to box width).
This is a very primitive line breaking algorithm.

A more advanced line breaking algorithm will take into consideration the elongation
features of the font, available ligatures and combinations, changing the letter forms and
using the default behavior for Latin which is stretching by changing space widths while
taking the breaking decisions. [26]

Hyphenation also can be used for Uighur language which is written using Arabic script
and uses hyphenation. [27]

This would be performed through the usage of LuaTgX 's callbacks feature to override
the main algorithm. (See Chapter 4 from [21])

Example for the LuaTgX callbacks that can be used:

Node list processing callbacks like:

* buildpage filter

This callback is called whenever LuaTgX is ready to move stuff to the main vertical
list. This callback can be used to do specialized manipulation of the page building
stage like imposition or column balancing.

* pre_linebreak filter

This callback is called just before LuaTgX starts converting a list of nodes into a
stack of \hboxes, after the addition of \parfillskip.

* linebreak filter
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This callback replaces LuaTgX ’s line breaking algorithm.

* post linebreak filter
This callback is called just after LuaTgX has converted a list of nodes into a stack
of \hboxes.

* hpack_filter
This callback is called when TgX is ready to start boxing some horizontal mode
material. Math items and line boxes are ignored at the moment.

* vpack_filter

This callback is called when TgX is ready to start boxing some vertical mode mate-
rial. Math displays are ignored at the moment. This function is very similar to the
hpack filter.

* pre_output filter
This callback is called when TgX is ready to start boxing the box 255 for \output.

* hyphenate
This callback has to insert discretionary nodes in the node list it receives. Setting
this callback to false will prevent the internal discretionary insertion pass.

* ligaturing

This callback has to apply ligaturing to the node list it receives.
* kerning

This callback has to apply kerning between the nodes in the node list it receives.
» mlist_to_ hlist

This callback replaces LuaTgX ’s math list to node list conversion algorithm.

A complete set of callbacks can be used consecutively to construct paragraphs inside
LuaTgX overriding the default behavior of TEX and enabling the usage of a full custom
approach to fulfill rich fonts needs. [28]
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Appendix A

Context Analysis Map for AlQalam
Font

A

L 4

5 sia Laday

6 cla Jic slall o 6 J
4 ’
6 ¢ loany A
/l . !
6 siaa 22y . dj);.‘lc..«?;s&;‘. 9
6 ela Jia slall o G 6 alsliy 2 Il Jie 3aclial)
2 <l 3510 £l
/’
alasil (s A
B ¢
A 7
o el o e ¥
11 e H 7 ¢ 510 ela 4
A. 17 o5 laany M
5¢lylana . )
ﬂ 17 Lz

10 s laas g siaise

T .
0',0

askais

vy
(
Co —

aaey g 3laise

70



£

5 ¢l

£ ¢

17 oL aamy

2 ¢

)\ 7;‘) 'uer_}

T_E

¥

6, 1

-
o

6%t

I3
o £
il_.
i—,
=
;

5;\)\.&.‘.’__'

L3

7;\) LA.‘.:_!

<\

YYOYY

Hella o1 3 sl el
2 e S 655 el 514 e
17V 0 3 9 G 514 .Y 4
1255 dha 1 857 1w o

32 38a

CON

YY

513 s L ‘."
$655 68 4 ela 05l
SO S G4 .Y B2 e
5oea o0 857 S 17 15
125

C

12 1,5 618

<

18515 12 Gl
13565 12511 Oows

et &

s

o
]
&
h
C

¢

71

g e

g iy

7 o952 b B

Oate Lada:

[\8]
.
-

Ll (g glta baaay g S

Y( A

b
b

LLU?Y



ob. onC.

s sl 7 ey Lany

&)QA\D

Lol Loy alaia
17 6L 51 7 ¢l Laanys

i ki 9 (D*Co*

Lol Ley alucia

v b

}\ 7;\)1.%-\:.}
Aty Jy gl ddlal e 17 £l
1

O

a5 o shai b2
17 L 51 7 1))

»

o) ey

o dashi g g pac Juniy g

<

el oad
BIRE:

1Mo 3l

3

17 <L laaay

C6

diaia
158 203 (e sl
Ay ) alall gl
418 La Jate alall

[$R

'E

65— 638



l

10 pe 5 5 ¢la Lasey

|

s a8 3 Jie

J

Al ) s

%
|

slay oY

T1ame 5117 b axy
6 o

R

o gliss

(-
£

i

1 (G

Ui sk dilca)

"
(

7\

i gk b
< gl bany

dlal ) lisd

7\
3 [_L\t;z

by 5l Qare pe
2¢1, 5117
Ja s (g5
sacbiall Cagyall aae
adlal CL\A—!
Ja sk

AN

2¢\)1A.\:u.



15 1 Ly o sty

skl 33 i

]
£

C.

18 5

y

CLhGG

C
&I;
G
E

\ vl L

74

5 53 e

;
-
G G4 O

&

3
b
3
£

Phrob:

312 e, oy

Ko

5 .Y lld

Qd%bs

18515 1,0 Leld
17 L laxey,

3
4

B E X RN

10 Y Lels

;
3

— 5%

S 5l 20 Ll

[(e]

BaY L4l

¥

18515 1 i Llad
356 L 5 12511 G )
3

—_

>

Lol Loy dlaic
17 L aae

ol ey 5 3line

%



ARZIFT T

9)%9.)/09& R Nl
5N



76



Appendix B

Code Segments

B.1 TgX Code to Generate Boxes Around Letters
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\begin{lstlisting}[frame=single]

\magnification=1000

\global\font\mytest=galam

%$See exercise 11.5 of the TeXbook

%% Horizontal rule of height #1 and depth #2
\def\hidehrule#1#2{\kern-#1%
\hrule height#1 depth#2 \kern-#2 }

Vertical rule of width (#1+#2)

with #1 to the left and #2 to

the right of the reference point
\def\hidevrule#1#2{\kern-#1{\dimenO=#1
\advance\dimen(0 by#2\vrule width\dimenO}\kern-#2 }

do oo oo
do o0 oo

Print the edges of a box using rules of given thickness
the first argument is the thickness outside the box

o oe
O o o

% the second argument is the thickness inside the box
\def\makeblankbox#1#2{\hbox{\lower\dp0\vbox{\hidehrule{#1}{#2}% top hrule
\kern-#1 % overlap the rules at the corners
\hbox to \wdO{\hidevrule{#1}{#2}%
\raise\htO\vbox to #1{}% set the vrule height
\lower\dpO\vtop to #1{}% set the vrule depth
\hfil\hidevrule{#2}{#1}}% closes the hbox with the two vrules
\kern-#1\hidehrule{#2}{#1}}}}% bottom hrule
%$%closes the vbox then hbox then the def

A definition to write a character within its bounding box

Sets box0 to the character

then makes a horizontal box with the following contents:

a blank box whose dimensions are that of boxO

a kern with negative width of box0

(i.e. move left with that width in order to get back to the start)
a "baseline'

a kern with negative width of box0

0 o0 o0 o o o° o° oo o
A0 0 A0 o0 o0 o o0 oo o

then print box0 (the character) on top of the blankbox

% Set the contents of the box
\def\boxchar#l{\setbox0O=\hbox{#1}
% leave vertical mode (see exercise 13.1 of TeXbook)
\leavevmode
\hbox to \wd0{% start an hbox with width equal to that of the box
\makeblankbox{0.1lpt}{0pt}% make the blank box
\kern-\wd0% move back by the width of the box
\vrule width \wd0 height 0.05pt depth 0.05pt% “baseline’
\kern-\wd0% move back by the width of the box
\box0}% put the character and close the box
} $ close the def

%% For Latin characters
\def\1#1{\boxchar{#1}}

%% Temporary workaround the font of AlQalam
\def\g#1 {\boxchar{{\mytest\char#1}}}
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\pagedir TRT
\bodydir TRT

\pardir TLT
\textdir TLT
$\pagedir TRT\pardir TRT\bodydir TRT\textdir TRT

\1{a}\I{PI\I{pI\I{g}\1{wI\L{g}\1{!}\1{1}\1{2}
abpawg!12

\g{OI\g{190}\a{99}\aq{62}\q{201}\q{223}
\g{0}\g{190}\a{99}\q{62}\q{238}\q{202}

\g{0}\1{a}\q{9}\1{a}\g{9}\1{a}
\q{1}

\pardir TRT
\textdir TRT

\L{a\I{PI\I{pI\L{a}\1{wI\I{gI\1{! }\1{1}\1{2}

abpqwg!12

\q{0}\aq{190}\q{99}\q{62}\q{201}\q{223}
\g{0\a{190\a{99}1\a{62}\q{238}\q{202}

\g{0}\1{a}\q{9}\1{a}\g{9}\1{a}
\q{1}

\a{0} \a{1} \a{2} \a{3} \a{4} \a{5} \q{6}

\a{7} \a{8} \a{9} \a{10} \q{ll} \q{12} \q{13}
\a{14} \q{15} \g{le6} \g{17} \q{18} \g{19} \g{20}
\a{21} \a{22} \qg{23} \qg{24} \qg{25}

\g{26} \q{27} \g{28} \g{29} \g{30} \g{31} \g{32}
\g{33} \g{34} \g{35} \g{36} \g{37} \g{38} \g{39}
\g{40} \g{41} \g{42} \g{43} \g{44} \g{45} \g{46}
\a{47} \g{48} \q{49} \g{50}

\g{51} \g{52} \g{53} \g{54} \g{55} \g{56} \q{57}
\g{58} \g{59} \g{60} \g{61} \g{62} \g{63} \g{64}
\g{65} \g{66} \g{67} \q{68} \g{69} \g{70} \g{71}
\a{72} \a{73} \g{74} \g{75}

\g{76} \g{77} \g{78} \g{79} \q{80} \g{81} \g{82}
\q{83} \q{84} \q{85} \qg{86} \q{87} \g{88} \q{89}
\g{90} \g{91} \g{92} \g{93} \g{94} \g{95} \g{96}
\g{97} \q{98} \q{99} \g{100}

\q{101} \q{102} \q{103} \g{104} \q{105} \q{106}
\q{107} \q{108} \g{109} \g{110} \g{111} \q{112}
\q{113} \q{ll4} \q{115} \q{ll6} \q{ll7} \q{ll8}
\q{119} \g{120} \a@{121} \@{122} \g{123} \q{124}
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\g{125}

\q{126}
\q{132}
\q{138}
\q{144}
\q{150}

\q{151}
\q{157}
\q{163}
\q{169}
\q{175}

\q{176}
\q{182}
\q{188}
\q{194}
\q{200}

\q{201}
\q{207}
\q{213}
\q{219}
\q{225}
\q{231}
\q{237}
\q{243}
\q{249}

\end

\q{127}
\q{133}
\q{139}
\q{145}

\q{152}
\q{158}
\g{1l64}
\q{170}

\q{177}
\q{183}
\q{189}
\q{195}

\q{202}
\q{208}
\q{214}
\q{220}
\q{226}
\q{232}
\q{238}
\q{244}
\q{250}

\q{128}
\q{134}
\q{140}
\q{146}

\q{153}
\q{159}
\g{165}
\q{171}

\q{178}
\q{184}
\q{190}
\q{196}

\q{203}
\q{209}
\q{215}
\q{221}
\q{227}
\q{233}
\q{239}
\q{245}
\q{251}

\q{129}
\g{135}
\g{141}
\q{147}

\q{154}
\q{160}
\g{166}
\q{172}

\q{179}
\q{185}
\q{191}
\q{197}

\q{204}
\q{210}
\q{216}
\q{222}
\q{228}
\q{234}
\q{240}
\q{246}
\q{252}

\q{130}
\q{136}
\q{142}
\q{148}

\g{155}
\q{161}
\q{167}
\g{173}

\q{180}
\q{186}
\q{192}
\q{198}

\q{205}
\q{211}
\q{217}
\q{223}
\q{229}
\q{235}
\q{241}
\q{247}
\q{253}

\q{131}
\q{137}
\q{143}
\q{149}

\q{156}
\q{162}
\q{168}
\q{174}

\q{181}
\q{187}
\q{193}
\q{199}

\q{206}
\q{212}
\q{218}
\q{224}
\q{230}
\q{236}
\q{242}
\q{248}
\q{254}
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B.2 Example Output from the Context Analysis C Appli-
cation

%%Line Done!

SSWAW
\q{234}%
%%QAF
\a{175}%
$%DAL
\q{89}%
%$%space

\ %%new word

%%YEH
\a{237}%
%SFEH

and these Metafont calls goes on till the end of file.
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%%$TEH_MARBUTA
\a{226}%
%%space

\ %$%new word
$$ALEF_WITH_HAMZA_ABOVE

\q{2}%
SSWAW
\q{234}%
$$LAM
\q{1861}%
%$%space
\ %$%$new word
%%YEH
\g{237}%
SSWAW
\q{235}%
$SMEEM
\gq{199}%
%$%space

—
o
o\
3
0}
=
=
o
[}
Q.

—~
o\©
o
=}
0}
=
=
o
[}
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B.3 TgX Code that Consumes the Context Analysis C Ap-
plication Output

%\include{varinclude.tex}
\magnification=1000

\global\font\mytest=galam

%\global\font\mytest=galam scaled 4340
%\global\font\mytest=galam scaled 1085
%\global\font\mytest=galam scaled 3000
$\global\font\mytest=galam scaled 1440

%See exercise 11.5 of the TeXbook

%% Horizontal rule of height #1 and depth #2
\def\hidehrule#1#2{\kern-#1%
\hrule height#1 depth#2 \kern-#2 }

%% Vertical rule of width (#1+#2)

\def\hidevrule#1#2{\kern-#1{\dimen0=#1
\advance\dimen0 by#2\vrule width\dimenO}\kern-#2 }

% Print the edges of a box using rules of given thickness
% the first argument is the thickness outside the box
%% the second argument is the thickness inside the box
\def\makeblankbox#1#2{\hbox{\lower\dpO\vbox{\hidehrule{#1}{#2}% top hrule
\kern-#1 % overlap the rules at the corners
\hbox to \wdO{\hidevrule{#1}{#2}%

\raise\htO\vbox to #1{}% set the vrule height

\lower\dpO\vtop to #1{}% set the vrule depth

\hfil\hidevrule{#2}{#1}}% closes the hbox with the two vrules
\kern-#1\hidehrule{#2}{#1}}}}% bottom hrule

%%closes the vbox then hbox then the def

A definition to write a character within its bounding box

Sets box0 to the character

then makes a horizontal box with the following contents:

a blank box whose dimensions are that of box0

a kern with negative width of box0

(i.e. move left with that width in order to get back to the start)
a "baseline'

a kern with negative width of box0

o0 o® o o° o° o° o° o° o
o o o o o° o° o° o° o

then print box0 (the character) on top of the blankbox

\def\boxchar#1l{\setbox0=\hbox{#1}% Set the contents of the box
\leavevmode$ leaves vertical mode (see exercise 13.1 of TeXbook)
\hbox to \wd0{% start an hbox with width equal to that of the box

\makeblankbox{Opt}{0Opt}% make the blank box
\kern-\wd0% move back by the width of the box
\vrule width \wd0 height 0.05pt depth 0.05pt% "baseline’
\kern-\wd0% move back by the width of the box
\box0}% put the character and close the box
} % close the def

% For Latin characters
\def\1#1{\boxchar{#1}}

o
s
o
s

%% Temporary workaround the font of AlQalam
\def\g#1{\boxchar{{\mytest\char#1}}}
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$\def\g#l{\mytest\char#l}
$\def\g#l{\rule{Opt}{lex}{\mytest\char#l}}
$\def\g#l{\hfill{\mytest\char#l}}%\par\bigskip\bigskip\bigskip\bigskip}
$\def\g#l{{\mytest\char#l}}%$\par\bigskip\bigskip\bigskip\bigskip}

\pagedir TRT
\bodydir TRT

\pardir TLT
\textdir TLT

\pardir TRT

\textdir TRT

\input {output}

\end
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B.4 LuaTgX Code that Loads the Context Analysis Lua
Code and Outputs Text Using AlQalam Font

\documentclass[adpaper] {article}
\usepackage{luamplib}

\begin{document}
$%%context analysis test using lua code%%%
$%% Here we use the directlua command to excute the dofile command, which loads the context

analysis lua code into memory.
%$%% and then define a new lua function that is called doContextAnalysis () that accepts an

e

nput line (arabic utf-8 letters) and returns

o

%% metafont calls to be used inside mplib section to draw the correponding and correct
forms of the letters according to their position in the context.
\directlua{
dofile ("context.lua
function doContextAnalysis(line
line context (line
return line % this returns the line to LuaTeX's input buffer
end

}

\directlua{
function doProcessCallParameters (str) $for future use to switch modes (context analysis only
or with line breaking)

% do something useful with the parameter to \startQalamBuffer{..... }
end

%%%startQalamBuffer is a macro to switch on processing the special processing of input
(context analysis and calling the correct metafont forms)

%$%% this macro calls at first doProcessCallParameters() function with is not used for now
and can be used in the future to process inputs before passing them to

the context analysis and line breaking engines

and then it calls callback.register () function which overrides the default process\_
input\_ buffer operations of TeX with our doContextAnalysis() function operations
\def\startQalamBuffer#l{
\directlua({

doProcessCallParameters (#1
callback.register ("process_input_buffer"”,doContextAnalysis

\def\stopQalamBuffer{
\directlua({
callback.register ("process_input_buffer",nil)}
} $dummy macro to switch off processing the input by cancelling the overriding of the input
buffer processing.

o

$%%%%%%%end context analysis test%$%%%%%

%%%%%%%%%%Usage Example$%%%%%5%%5%%%%
%%%Call the startQalamBuffer macro to initlize the environment. The section between start
and endQalamBuffer will be processed using our lua functions

\startQalamBuffer{figurel}

Latin line 1

o°

$This section is required to start the mplib code execution.

o

% The arabic text will be substituted with metafont (metapost compatible) fucntoin calls
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and will be executed by the embedded metapost engine inside LuaTeX.

\begin{mplibcode}

beginfig(l);

%% the next three includes are essntial to define Qalam font specifications and available
character set.

input header_mp_luatex

input galam_mp_luatex

input galambase

%% Enter Arabic Text here:

W ped daxd G pSo Lo g

endfig;
\end{mplibcode}

Latin line 2

\end{document}
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Appendix C

Code Documentation

C.1 File Sets

C.1.1 Font files

AlQalam font was developed using Metafont and it is supplied as a set of files which are:

1. Header files: header.mf and qalam.mf. These two files contain the definitions of the
font pen and global variables and function definitions that will be used in drawing
most of the letters.

2. Character files: alef.mf, baa.mf,...These files can be compiled using the script
shown in section 4.1 to produce one file which will contain all the character defini-
tions and will be called qalambase.mf

C.1.2 Context Analysis C code

The developed generic context analysis algorithm was written in C/C++ before porting it
to Lua to be used with AlQalam.
The source code was consisting of:

1. context.cpp: This file contain the main() function that performs the context analysis.
It accepts an plain Arabic text file and produce another plain text file that contains
calls to the correct forms of letters from the tfm font package. It includes two files:
codes.h and forms.h

2. codes.h: This file contains #defines (or constant variable definitions) of Arabic
letters and their unicode representations.
Example: #define ALEF (signed int)0x{ftftfa7.
These definitions are separated in this file for easy maintenance of the code and to
avoid using hardcoded numbers inside the core code which increases the readability
and keeps the code modular as possible.

3. forms.h: This file contains mapping between letter forms and their index in the cre-
ated font package (tfm file). Example lines: #define alefone 0
#define aleftwo 1
#define alefthree 2
#define aleffour 3
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#define aleffive 4
#define alefsix 5
#define alefseven 6

This file is also created to avoid hardcoding, increase readability, reusability and
modularity.

The output file resulting from running this module should be included in a tex file
that uses the tfm font package in order to produce a pdf document written using the
target font.

The context analysis algorithm itself is described in section 5.1.1.

C.1.3 LuaTgX files

The context analysis C code was ported to Lua in order to be used with AlQalam font and
LuaTgX .
The file set contain:

1. context.lua: This file contains the core function that performs the context analysis
which is:
function context(current line)

This function accepts a buffer of plain text characters (Arabic and Latin) and returns
a string of Metafont calls to the correct Arabic letter forms that corresponds to the
inputs according to their position in the context. (It doesn't make any processing on
the Latin letters and outputs them as is).

The file also contains a mapping section between the letter form names and their
corresponding Metafont function calls.

Examples:

alefone = "alef(1,1)"

aleftwo = "alef(2,1)"

alefthree = "alef(3,1)"

aleffour = "alef(4,1)"

aleffive = "alef(5,1)"

alefsix = "alef(6,1)"

alefseven = "alef(7,1)"

and contains the mapping section to define mapping between Arabic letters and lig-
atures and their unicode representations to increase readability.

The context analysis algorithm itself is described in section 5.1.1.

2. mp_base.tex: This file is the centralized file that loads the context.lua file using
the \directlua command:
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\directlua {
dofile (" context.lua")
function doContextAnalysis(line)
line = context(line)
return line % this returns the line
% to LuaTeX's input buffer
end

}

and overrides the input buffer operations of TgX using the callbacks registrations.

\directlua {
doProcessCallParameters (#1)
callback . register ("process_input_ buffer"
,doContextAnalysis)

}

It also has a MetaPost section that receives the processed text using the context
analysis code and includes all the required font files to produce text using AlQalam
font.

\begin{mplibcode}
beginfig (1);

%% the next three includes are

%0 essential to define Qalam font

%% specifications and available character set.
input header mp luatex

input qalam mp luatex

input qalambase

%6 Enter Arabic Text here:

endfig;
\end {mplibcode}

6.2 Supporting Additions to the Font Character Set

In this section we will discuss how to add new characters, ligatures and symbols (like
math symbol sets) to the LuaTgX developed files so we can use them as part of the font.

Actually, this became a lot easier with the LuaTgX approach which provided us with

the ability to include Metafont files inside mplipcode code segments.
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So, there will be no need to make any further steps nor create font packages and so on.
All what is required is include the new character definition in the mplib section using:
input newchar.mf

and then issuing function calls to the character with the correct arguments inside the sec-

tion.

Example:

\begin{mplibcode}
beginfig (1);

input header mp luatex
input qalam mp luatex
input qalambase

input newchar

%6 Call the new character function here:

endfig;
\end {mplibcode}

To no to increase the input list, the script shown in section 4.1 may be used in a direc-
tory full of Metafont character definition files to compile them into a single file and then
user have to include this single file into LuaTgX in the mplib section inputs.

6.3

Fixing Font Issues

Several issues were found during producing documents using AlQalam font:

1.

Missing characters in the output: By tracing the context analysis code and finding
which letter and which form should be used (this also can be performed by looking
at the font tables as the one in Appendix A.), we can go the character definition
section in the Metafont files then tracing the error in the form number (if exists)
using Metafont interpreter. If the form doesn't exist in the character set, it should be
described using Metafont and added to the character set. More information about
the Metafont interpreter can be found in the Metafont Manuals and tutorials.

. Kering issues: If the spacing between a letter like "RAA" or "WAW"...etc and their

consecutive letters is not compliant with the font specifications and standards, a
change in the "end point" of the character is required.

The "end point" defines where the consecutive character should start to be drawn
relative to the current one.

Some parts of the letter is wider than the rest of the parts: This may be due to scal-
ing of the pen used to draw this part. We faced and issue with the "shazya" part
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of "RAA" and "WAW" where it appeared wider than the body of the letter. So we
fixed this by adjusting the scale of the pin drawing the "shazya".

4. Wrong forms of letters: This may be due to the form number in Metafont character
definition is different to what is stated in the table in Appendix A.
Or may be a bug in the context analysis code and the condition that meets the input
context leads to calling a wrong form of the letter.
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